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(57) Abstract : 

PROBLEM TO BE SOLVED: To provide a multilayer semiconductor ceramic 
device which can be calcined at <1000° C and which can develop enough 
PTC characteristics even when the device is subjected to re-oxidation 
treatment at a low temp. 

SOLUTION: This multilayer semiconductor ceramic device 1 consists of a 
multilayer sintered body 3 in which semiconductor ceramic layers 5 and 
inner electrode layers 7 are alternately stacked, and outer electrodes 9 
formed on the sintered body 3. The semiconductor ceramic layers 5 
contain at least boron oxide and an oxide comprising at least one kind 
selected from barium, strontium, calcium, lead, yttrium and rare earth 
elements in a barium titanate-based semiconductor sintered body. These 
oxides are incorporated in such a manner that the atomic ratio of the 
boron element (B) in the boron oxide satisfies 0. 001<B/ 0 <0. 50 and 0. 5< 



B/( a - j3 )<10. 0, wherein a is the total amt. of barium, strontium, 
calcium, lead, yttrium and rare earth elements in the semiconductor 
ceramic material, and j3 is the total amt. of titanium, tin, zirconium, 
niobium, tungsten and antimony in the semiconductor ceramic material. 
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CLAIMS 
[Claim(s) ] 

[Claim 1] It is the laminating mold semi-conductor ceramic component in 
which the external electrode was formed on the laminating sintered 
compact which carried out the laminating of a semi-conductor ceramic 



layer and the internal electrode layer by turns. Said semi-conductor 
ceramic layer In the semi-conductor sintered compact of a barium 
titanate system, at least A boron oxide, Barium, strontium, calcium, 
lead, an yttrium, and the oxide that consists of at least one kind 
chosen from rare earth elements are contained, and said boron oxide is 
converted into a boron element (referred to as B). And by the atomic 
ratio 0.001 <= B/beta <=0. 500. 5 <=B/ (alpha-beta) <=10. 0 however, the 
barium contained in alpha : semi-conductor ceramic and strontium — Each 
element of calcium, lead, and an yttrium, and the total amount beta of 
rare earth elements: The titanium contained in a semi-conductor ceramic, 
tin, a zirconium, niobium, a tungsten, the laminating mold semi- 
conductor ceramic component characterized by being added and becoming so 
that it may become the total amount of each element of antimony. 
[Claim 2] The laminating mold semi-conductor ceramic component according 
to claim 1 to which the total amount (referred to as Md) of a donor 
element and the total amount (referred to as Ma) of an acceptor element 
are characterized by being added so that it may be set to 0. 0001 <= 
Md/beta <=0. 0050. 00001 <= Ma/beta <=0. 005 (however, beta: total amount 
of each element of the titanium contained in a semi-conductor ceramic, 
tin, a zirconium, niobium, a tungsten, and antimony) by the atomic ratio 
into said semi-conductor ceramic layer. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a laminating mold 
semi-conductor ceramic component, especially the laminating mold semi- 
conductor ceramic component which has a forward resistance temperature 



characteristic. 
[0002] 

[Description of the Prior Art] Before, the semiconductor device which 
has the forward resistance temperature characteristic (it considers as a 
PTC property hereafter) rapidly formed into high resistance above Curie 
temperature is used for the components protection of the circuit from an 
overcurrent, and for demagnetization of color television. Since it told 
this semiconductor device that the temperature coefficient of resistance 
of a PTC property is large, it was common to it to have used the semi- 
conductor ceramic which uses barium titanate as a principal component. 
[0003] However, in order to make the ceramic of a barium titanate system 
semi-conductor-ize, it is usually necessary to calcinate under an 
elevated temperature 1300 degrees C or more. When such hot heat 
treatment was performed, while it was easy to produce breakage in a 
firing furnace and the sustaining cost of a firing furnace became large, 
since it was not desirable, a semi-conductor ceramic of the barium 
titanate system which can be calcinated more at low temperature was 
desired also from the point of energy saving. 

[0004] Then, the technique of adding boron nitride to barium titanate 
and lowering the semi-conductor-ized temperature of a ceramic to it is 
indicated by "Semiconducting Barium Titanate Ceramics Prepared by Boron- 
Conducting Liquid-Phase Sintering" (No3, P829 - 1994 [ In-Chyuan Ho, 
Communications of the American Ceramic Society Vol.77, / 832 or ]). 
According to this reference, the ceramic which added boron nitride to 
barium titanate is reported for semi-conductor-izing at about 1100 
degrees C to be possible for that semi-conductor-ized temperature. 
[0005] On the other hand, the reduction in resistance in ordinary 
temperature and high pressure-proof ing-ization can be attained, and a 
semi-conductor ceramic component of the laminating chip mold suitable 
for high density assembly is desired in recent years. 

[0006] Usually, after a laminating mold semi-conductor ceramic component 
carries out the laminating of a ceramic green sheet and the internal 
electrode paste by turns, it is manufactured by the approach of really 
calcinating in a firing furnace. Therefore, even if it carries out 
coincidence baking with a ceramic, base metal, such as nickel in which a 
ceramic and ohmic contact are possible, is used for the internal 
electrode ingredient. The semi-conductor ceramic and the internal 
electrode material are really calcinated by once calcinating in reducing 
atmosphere, in order to oxidize, if such a base metal is calcinated in 
atmospheric air, and performing reoxidation processing at the 
temperature which is extent to which an internal electrode does not 



oxidize after that. However, in order to perform reoxidation processing 
at low temperature comparatively, there was a problem that the 
manifestation of a PTC property was not enough. 
[0007] So, to JP, 8-153605, A, even if it carries out reoxidation 
processing at low temperature, the approach which a PTC property 
discovers is indicated. This approach has the description in having used 
the perovskite compound of a particle for the titanate which is a 
principal component. If this compound is used, sintering will become 
possible at 1000-degree-C or more low temperature 1250 degrees C or less, 
and a PTC property will be discovered for reoxidation processing 
temperature at low temperature 500 degrees C or more. 
[0008] 

[Problem(s) to be Solved by the Invention] However, the conventional 
laminating mold semi-conductor ceramic component will need about 1000- 
degree C reoxidation processing temperature, in order to acquire 
sufficient PTC property, and an internal electrode may oxidize. 
Therefore, in order to acquire PTC property sufficient at lower 
reoxidation processing temperature, the laminating mold semi-conductor 
ceramic component which can be calcinated at low temperature was called 
for. 

[0009] Even if it can calcinate the purpose of this invention below 1000 
degrees C and it performs reoxidation processing at low temperature, it 
is to offer the laminating mold semi-conductor ceramic component which 
can make a PTC property fully discover. 
[0010] 

[Means for Solving the Problem] This invention is made in view of the 
above troubles. The laminating mold semi-conductor ceramic component of 
the 1st invention It is the laminating mold semi-conductor ceramic 
component in which the external electrode was formed on the laminating 
sintered compact which carried out the laminating of a semi-conductor 
ceramic layer and the internal electrode layer by turns. Said semi- 
conductor ceramic layer In the semi-conductor sintered compact of a 
barium titanate system, at least A boron oxide, Barium, strontium, 
calcium, lead, an yttrium, and the oxide that consists of at least one 
kind chosen from rare earth elements are contained, and said boron oxide 
is converted into a boron element (referred to as B). And by the atomic 
ratio 0.001 <= B/beta <=0. 500. 5 <=B/ (alpha-beta) <=10. 0 however, the 
barium contained in alpha : semi-conductor ceramic and strontium — Each 
element of calcium, lead, and an yttrium, and the total amount beta of 
rare earth elements' It is characterized by being added and becoming so 
that it may become the total amount of each element of the titanium 



contained in a semi-conductor ceramic, tin, a zirconium, niobium, a 
tungsten, and antimony. 

[0011] Since a PTC property can be made to discover more even if it can 
make burning temperature of a semi-conductor ceramic into 1000 degrees C 
or less and performs reoxidation processing at low temperature by using 
the semi-conductor ceramic of such a presentation, base metal can be 
used for an internal electrode, and sufficient PTC property can be made 
to discover. 

[0012] Moreover, in the laminating mold semi-conductor ceramic component 
of the 2nd invention, it is desirable to be added so that the total 
amount (referred to as Md) of a donor element and the total amount 
(referred to as Ma) of an acceptor element may be atomic ratios and it 
may be set to 0. 0001 <= Md/beta <=0. 0050. 00001 <= Ma/beta <=0. 005 
(however, beta: total amount of each element of the titanium contained 
in a semi-conductor ceramic, tin, a zirconium, niobium, a tungsten, and 
antimony) into said semi-conductor ceramic layer. 

[0013] A PTC property can be made to discover more effectively by making 

it such a presentation. 

[0014] 

[Embodiment of the Invention] The laminating mold semi-conductor ceramic 
component of this invention consists of a laminating sintered compact 
which carried out the laminating of the internal electrode layer which 
uses a barium titanate system semi-conductor ceramic layer and base 
metal as a principal component by turns, and an external electrode 
formed on the internal electrode derivation side of this laminating 
sintered compact. 

[0015] The semi-conductor ceramic used for this invention uses barium 
titanate as a principal component, and contains boron oxide as an 
accessory constituent. 

[0016] The above-mentioned barium titanate is Sr, calcium, Pb, Y, rare 
earth elements, etc. in a part of Ba in barium titanate, and may permute 
a part of Ti by Sn, Zr, Nb, W, and Sb, respectively. 

[0017] Moreover, apart from Ba site of barium titanate, the oxide of Ba 
replaceable nature elements, such as Ba or Sr, calcium, Pb and Y, and 
rare earth elements, is superfluously added by the above-mentioned semi- 
conductor ceramic so that the total amount of Ba replaceable nature 
elements, such as Ba or Sr, calcium, Pb and Y, and rare earth elements, 
may increase more than the total amount of Ti or Sn, Zr, Nb and W, and 
Sb element. 

[0018] Moreover, the donor element and the acceptor element are added to 
the above-mentioned semi-conductor ceramic. In addition, a donor element 



here points out elements which generally act as a donor to BaTi03, such 
as Y, Nb, Sb, W, Ta, Mo, and rare earth elements. Moreover, an acceptor 
element points out elements which generally act as an acceptor to BaTi03, 
such as Mn, Fe, Co, nickel, Cr, and alkali metal. 

[0019] Moreover, although base metal, such as nickel, Co, Fe, and Mo, 
can be used for the above-mentioned internal electrode layer as a simple 
substance or an alloy, since it says that it excels in oxidation 
resistance, it is desirable to use nickel. 

[0020] Moreover, although Ag, Pd, an Ag-Pd alloy, etc. are mentioned, 
especially limitation is not carried out to the above-mentioned external 
electrode. Next, this invention is explained still more concretely using 
an example. 
[0021] 

[Example] (Example 1) The manufacture approach of the laminating mold 
semi-conductor ceramic component of this invention is explained. Drawing 
1 shows the outline sectional view of the laminating mold semi-conductor 
ceramic component of this invention. First, Ba site / Ti site = 
hydrothermal synthesis of the barium titanate was carried out so that it 
might be set to 0.998. BaC03, Sm 203, and BN and MnC03 — the following 
(I) type — like — weighing capacity — it added and mixture was 
obtained. [ next, ] 
[0022] 

Hydrothermal powder BaO. 998Ti03+0. 001Sm203+x-BaC03+y-BN+0. 0002MnC03 . . . 
(I) 

The binder was added into the obtained mixture, and with the zirconia 
ball, wet blending was carried out for 10 hours, and it considered as 
the ceramic slurry. Next, after fabricating the obtained ceramic slurry 
with a doctor blade method, it was made to dry and considered as the 
ceramic green sheet. The laminating of the nickel paste was printed and 
carried out as an internal electrode layer on this ceramic green sheet, 
and it considered as the layered product. After degreasing this layered 
product at 300 degrees C among atmospheric air, it calcinated at 950 
degrees C among hydrogen / nitrogen reducing atmosphere for 2 hours, and 
the laminating sintered compact was obtained. In addition, the semi- 
conductor ceramic layer of this laminating sintered compact is as 
follows. 
[0023] 

While applying Ag electrode paste, being burned at 800 degrees C among 
atmospheric air for 2 hours and forming the external electrode 9 on the 
internal electrode derivation side of BaO. 998SmO. 002Ti03+x-Ba0+l/2y and 
B-203+0. 0002Mn02, next the laminating sintered compact 3 that consists 



of a semi-conductor ceramic layer 5 and an internal electrode layer 7 
like drawing 1 , reoxidation processing was carried out and the 
laminating mold semi-conductor ceramic component 1 of this invention was 
obtained. 

[0024] Here, the addition x of BaC03 and the addition y of BN were 
fluctuated, and the room temperature resistance and the resistance rate 
of change log (R250/R25) (resistance at the time of R250:250 degree C, 
resistance at the time of R25:25 degree C) of a laminating mold semi- 
conductor ceramic component which were obtained like the above were 
measured. The result is shown in Table 1. In addition, * mark in Table 1 
shows the outside of the range of this invention. Moreover, in this 
example, it becomes B/beta=B/Ti and B/ (alpha-beta) =B/ (Ba+Sm-Ti) . 
[0025] 
[Table 1] 
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[0026] As shown in Table 1, it understands that room temperature 
resistance is low and 0. 001 <= B/beta <=0. 50 and the thing in the range 
of 0. 5 <=B/ (alpha-beta) <=10. 0 are making the triple [ at least ] or 



more digits resistance rate of change log (R250/R25) discover. 
[0027] (Example 2) The addition of 0.02 mols and BN was fixed to 0.06 
mols for the addition x of BaC03, except having fluctuated the addition 
(Md) of Sm 203 which is a donor, and the addition (Ma) of MnC03 which is 
an acceptor, the laminating mold semi-conductor ceramic component was 
created like the example 1, and room temperature resistance and the 
resistance rate of change log (R250/R25) were measured. The result is 
shown in Table 2. In addition, * mark in Table 2 shows the outside of 



the range of claim 2. 

[0028] 

[Table 2] 
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[0029] As shown in Table 2, the thing in the range of 0. 0001 <= Md/beta 
<=0. 005 and 0. 00001 <= Ma/beta <=0. 005 has low room temperature 
resistance, and it turns out that the resistance rate of change log 
(R250/R25) is large sharply. 

[0030] Here, in claim 1 and claim 2, the reason which limited the 
addition of a boron oxide and the addition of an acceptor element and a 
donor element is explained. In addition, the total amount of each 
element of the total amount of each element of the barium contained in 
alpha: semi-conductor ceramic, strontium, calcium, lead, and an yttrium, 
and rare earth elements, the titanium contained in beta : semi-conductor 
ceramic, tin, a zirconium, niobium, a tungsten, and antimony, the total 
amount of Md: donor element, Ma: The total amount of an acceptor element 
is shown. 

[0031] In claim 1, the addition of a boron oxide was converted into the 
boron element (B), and like sample numbers 1-5, when B/beta was smaller 
than 0. 001, room temperature resistance becomes extremely high, the 
resistance rate of change log (R250/R25) becomes small, and it limited 
with 0.001 <= B/beta <=0. 50 by the atomic ratio because it was not 
desirable. On the other hand, like sample numbers 31-35, also when 



B/beta is larger than 0. 50, room temperature resistance becomes high, 
the resistance rate of change log (R250/R25) becomes small, and it is 
because it is not desirable. 

[0032] Moreover, in claim 1, the addition of a boron oxide was converted 
into the boron element (B), and by the atomic ratio, like sample numbers 
1, 6, 11, 16, 21, 26, and 31, in being smaller than 0.5, room 
temperature resistance becomes [ B/ (alpha-beta) ] high, the resistance 
rate of change log (R250/R25) becomes small, and it limited to 0.5 
<=B/ (alpha-beta) <=10. 0 because it was not desirable. On the other hand, 
like sample numbers 5, 10, 15, 20, 25, 30, and 35, also when larger than 
10. 0, room temperature resistance becomes [ B/ (alpha-beta) ] high, the 
resistance rate of change log (R250/R25) becomes small, and it is 
because it is not desirable. 

[0033] Moreover, in claim 2, like a sample number 49, when Md/beta was 
smaller than 0.0001, room temperature resistance becomes high, the 
resistance rate of change log (R250/R25) becomes small, and the addition 
of a donor element was limited to 0.0001 <= Md/beta <=0. 005 by the 
atomic ratio because it was not desirable. On the other hand, it is 
because the resistance rate of change log (R250/R25) becomes small and 
is not desirable when Md/beta is larger than 0.005 like a sample number 
54. 

[0034] Moreover, in claim 2, like a sample number 41, when Ma/beta is 
smaller than 0.00001, it becomes small and is not desirable [ having 
limited the addition of an acceptor element to 0.00001 <= Ma/beta 
<=0. 005 by the atomic ratio / the resistance rate of change log 
(R250/R25) ]. On the other hand, like a sample number 48, when Ma/beta 
is larger than 0. 005, room temperature resistance becomes high, the 
resistance rate of change log (R250/R25) becomes small, and it is 
because it is not desirable. 
[0035] 

[Effect of the Invention] The laminating mold semi-conductor ceramic 
component of this invention is a laminating mold semi-conductor ceramic 
component in which the external electrode was formed on the laminating 
sintered compact which carried out the laminating of a semi-conductor 
ceramic layer and the internal electrode layer by turns. At least a 
semi-conductor ceramic layer in the semi-conductor sintered compact of a 
barium titanate system A boron oxide, Barium, strontium, calcium, lead, 
an yttrium, and the oxide that consists of at least one kind chosen from 
rare earth elements are contained, and a boron oxide is converted into a 
boron element (referred to as B). And by the atomic ratio 0.001 <= 
B/beta <=0. 50, 0. 5 <=B/ (alpha-beta) <=10. 0 however, the barium contained 



in alpha: semi-conductor ceramic and strontium — The total amount of 
each element of calcium, lead, and an yttrium, and rare earth elements, 
beta : since it is added so that it may become the total amount of each 
element of the titanium contained in a semi-conductor ceramic, tin, a 
zirconium, niobium, a tungsten, and antimony Burning temperature of a 
semi-conductor ceramic can be made into 1000 degrees C or less, and a 
PTC property can be made to discover more even if it performs 
reoxidation processing at low temperature. 

[0036] Moreover, it sets for the laminating mold semi-conductor ceramic 
component of this invention. The total amount (referred to as Md) of a 
donor element and the total amount (referred to as Ma) of an acceptor 
element in a semi-conductor ceramic layer by the atomic ratio 0. 0001 <= 
Md/beta <=0. 005, 0.00001 <= Ma/beta <=0. 005 Since it is added so that it 
may become (however, the total amount of each element of the titanium 
contained in beta : semi-conductor ceramic, tin, a zirconium, niobium, a 
tungsten, and antimony), a PTC property can be made to discover 
effectively. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The outline sectional view showing the laminating mold semi- 
conductor ceramic component of this invention. 
[Description of Notations] 

1 Laminating Mold Semi-conductor Ceramic Component 
3 Laminating Sintered Compact 
5 Semi-conductor Ceramic Layer 
7 Internal Electrode Layer 
9 External Electrode 
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DRAWINGS 



[Drawing 1] 
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